The ubiquitin/proteasome pathway: friend or foe in zinc-, cadmium-, and H2O2-induced neuronal oxidative stress.
One of the hallmarks of neurodegeneration is the accumulation of ubiquitinated proteins in intraneuronal inclusions in the cytosol, endosomes/lysosomes and nuclei of affected cells. The relationship between inclusion production and cell viability is not well understood. On the one hand inclusions may be beneficial and result from an attempt of the cell to isolate a subclass of ubiquitinated proteins that are not effectively degraded. On the other hand, the inclusions may impede normal cell function contributing to cell death. To address this issue we treated mouse neuronal HT4 cells with three toxic agents cadmium, zinc and H2O2, and investigated their effects on glutathione homeostasis, on accumulation of ubiquitinated proteins and on cell viability. The three treatments induce oxidative stress manifested by decreases in glutathione (GSH) and/or increases in protein mixed disulfides (PrSSG). After an overnight recovery period in the absence of treatment, GSH and PrSSG were restored to almost normal levels. However, the levels of ubiquitinated proteins were significantly increased, and cell viability was sharply reduced. These results suggest that the ubiquitin-proteasome pathway is recruited for removal of proteins that are oxidatively modified. However, if the ubiquitinated proteins are not efficiently degraded, they accumulate in the cell and contribute to a decrease in cell viability.